A systematic study of the specular reflectivity using circularly and linearly polarized radiation on magnetic materials is presented. Within a frame work based on the complete reflection matrix and the Stokes parameter formalism, the reflectance is modeled as a function of the polarization state of the incoming light for the longitudinal and the transversal magnetization. The nonmagnetic reflection coefficients and their individual magnetic contributions are determined from resonant magnetic reflectivity experiments of polarized soft x rays across the Fe-2p absorption edge on a ferromagnetic Fe/C multilayer. Exploiting tunable undulator radiation the absolute reflectance is investigated as a function of the degree of circular or linear polarization, photon energy, angle of incidence, and magnetic-field direction. As predicted by the developed formalism the corresponding magnetic asymmetry parameters depend nonlinearly on the degree of polarization at large angles of incidence due to the influence of the polarizing power of the sample. In the longitudinal geometry using circularly polarized light, the magnetic contribution is directly related to the magnetic contribution of the optical constants, which have independently been determined by Faraday measurements on an identical transmission sample.
I. INTRODUCTION
Magneto-optical spectroscopy techniques in the x-ray range like the magnetic circular dichroism ͑XMCD͒, 1,2 the Faraday effect, [3] [4] [5] the magnetic linear dichroism ͑XMLD͒ 6, 7 or the x-ray Voigt effect 8 have become leading-edge research methods in the investigation of both fundamental and applied aspects of magnetism using polarized light. These techniques allow for element selective investigations of magnetic materials 9, 10 and for imaging of magnetic domain structures. [11] [12] [13] [14] Thus they hold great potential for the investigation of new magnetic materials as technologically important magneto resistive, spin valve and exchange-biased materials. 15 Among these spectroscopies resonant magnetic scattering and specular reflectometry of circularly and linearly polarized soft x rays 6,10,16 -18 have gained increasing importance since the resonantly enhanced transmission probability at absorption edges leads to large magnetic responses. The relative amplitude of the dichroic effect can exceed that observed in XMCD absorption experiments. These large dichroic effects in reflection observable over a wide range of incident angle and their sensitivity to layer thickness and interface roughness can be exploited for the study of element-specific magnetic depth profiles of magnetic films or multilayers. [19] [20] [21] Experiments of the specular magnetic reflectivity can be viewed as variants of the magneto-optical Kerr effect ͑MOKE͒ which can be realized in different geometries. The transversal Kerr effect ͑T-MOKE͒ is observed when light is reflected from a sample with its magnetic moments lying parallel to the surface plane and perpendicular to the plane of incidence. Commonly linearly polarized light with polarization vector in the plane of incidence ͑p geometry͒ is used. In the longitudinal geometry ͑L-MOKE͒ the magnetic moments are parallel to the plane of incidence and parallel to the sample surface. Circularly polarized light is used generally. As a measure for the magnetic contribution to the reflection coefficients, the asymmetry parameter Aϭ(I ϩ ϪI Ϫ )/(I ϩ ϩI Ϫ ) is used. It is defined from the reflected intensities for two antiparallel orientations of the magnetization M. 22 The asymmetry in reflection experiments is sensitive to the angle of incidence, to the polarization state of photons, to the individual structure of the sample, i.e., layer thickness or interface roughness 16 -21 and, of course, also to the electronic band structure. 23 Knowledge of the dependence of the asymmetry on the polarization state of light is essential for a quantitative understanding of the magnetic dichroism. While for absorption experiments in the soft x-ray regime, such investigations exist, 24, 25 to our knowledge only one experimental paper reports on the polarization dependence of scattered intensities in the L-MOKE geometry, focussing on the 3p edges of transition metals. 26 Several theoretical papers have been published on this topic. The nonresonant magnetic reflectivity is well understood and written in a practicable formalism that allows for an easy quantitative analysis of polarization-dependent reflectivity data. 27, 28 Resonant magnetic reflectivity on the other hand is more complicated since second-order terms become important. Several groups have pointed out the usefulness of the reflectance matrix formal-ism and used it to analyze the magnetic contribution to resonant soft x-ray reflectance in L-or T-MOKE geometry. 17, 18, 21, [29] [30] [31] [32] [33] [34] However, a detailed theoretical and experimental analysis of the resonant magnetic reflectivity as a function of the degree of linear or circular polarization is still missing.
In this paper we extend a formalism from the near-visible region into the soft x-ray region to describe the polarization dependence of resonant x-ray reflectivity in the L-MOKE and T-MOKE geometry. One of our aims is to determine the reflection coefficients from reflectivity experiments in various possible geometries which allows us to separate charge and magnetic contributions. Our formalism which is based on the reflection matrix and the Stokes formalism is developed in Sec. II. The experimental set up is discussed in Sec. III. In Sec. IV the reflectivity data on a Fe/C multilayer across the Fe-2p edge in L-and T-MOKE geometry are presented as a function of the degree of linear or circular polarization, angle of incidence, and magnetic field. The dependence of the asymmetry parameters on the polarization state of the incoming light is discussed. The reflection coefficients distinguishing between charge and magnetic contributions are determined in Sec. V.
II. THEORY

A. Reflectivity
In this section expressions are derived for the reflectivity and the magnetic asymmetry as a function of the polarization of the incident light, appropriate for L-MOKE, T-MOKE, and intermediate geometries. We choose the Cartesian coordinate systems (x,y,k/͉k͉) and (xЈ,yЈ,kЈ/͉kЈ͉) to describe the incoming and outgoing electromagnetic waves with their respective wave vectors k, kЈ and the unit vectors x, y, xЈ and yЈ, respectively. The reflected wave EЈ is given by the product of the reflection matrix r L,T with the incoming wave
For x perpendicular and y parallel to the reflection plane r L,T take simple forms. For L-MOKE r L adopts the form [35] [36] [37] 
͑2͒
For T-MOKE r T has the form
͑3͒
The terms ͉r ss ͉ 2 and ͉r pp ͉ 2 are identical to the nonmagnetic Fresnel reflectances R s and R p , respectively. The indices s ͑p͒ indicate the experimental geometry, i.e., whether the polarization plane of the incident linearly polarized light is perpendicular ͑parallel͒ to the reflectivity plane, see the schematic set-up shown in Fig. 1 . The magnetic contribution to the reflectivity is comprised by ⌬ sp and ⌬ pp where the signsϮrefer to the two antiparallel magnetization directions.
Once these coefficients are known, every x-ray reflectivity experiment can completely be described. The reflected intensity is given by
We describe the polarization of the incident light by the normalized Stokes parameters S 1 , S 2 , S 3 ͑Refs. 38, 39͒ as
where
is the incident intensity. The components S 1 and S 2 give the degree of linear polarization in ͑x-k͒ plane and the degree of linear polarization in the plane diagonal to ͑x-k͒ and ͑y-k͒ plane, respectively. S 3 stands for the degree of circular polarization. Our experimental set-up is chosen such that S 2 ϭ0 and we assume fully polarized light, which is valid for our experiment. 25 In the T-MOKE geometry the absolute reflectance is
For L-MOKE we obtain coefficients of each individual layer in a multilayer system, this formalism has to be extended and interference effects have to be taken into account. 9, 17, 33, 34 In this paper we treat the multilayer system as an uniform sample with effective reflection coefficients. The individual terms of Eqs. ͑6͒ and ͑7͒ are experimentally accessible according to Eqs. ͑8͒-͑13͒ by the indicated magnetization and reflectivity geometry:
͉r ss ͉ 2 ϭR s , nonmagnetic, S 1 ϭ1, s geometry, ͑9͒
Re͕⌬ pp
Im͕Ϫ⌬ sp * ͑ r ss ϩr pp ͖͒ϭ
The coefficients are directly related to the optical constants of the material and are discussed partly in Ref. 37 . For the case of circularly polarized light, Eq. ͑13͒ can be expressed in terms of the magneto-optical refractive index n Ϯ
where the charge contributions (␦ 0 ,␤ 0 ) and magnetic contributions ͑⌬␦, ⌬␤͒ are separated in both, the refractive and the absorptive part. According to Ref. 37 we obtain
Im͕Ϫ⌬ sp * ͑ r ss ϩr pp ͖͒ϭ⌬␦
with the average n ϭ 1 2 (n ϩ ϩn Ϫ ) and the angle of incidence and the angle of refraction t , both measured relative to the surface. The relation between Im͕Ϫ⌬ sp * (r ss ϩr pp )͖ and the magnetic contribution ⌬␦ is expressed by Eq. ͑15͒. The relation between the optical constants and Re͕⌬ pp
͑12͔͒ is more complex and is not closer examined.
B. Asymmetry
Even without the knowledge of the absolute reflection coefficients information about the magnetic contribution to the reflectance can be obtained by the measurements of the reflected intensities upon reversal of the magnetic field. From these the asymmetry parameters A T and A L , as defined in the introduction, are deduced. For T-MOKE we find from Eq. ͑6͒ for p geometry
with a T ϭ2 Re͕⌬ pp
In the L-MOKE geometry with ␣ϭ90°, we obtain for the asymmetry parameter
with a L ϭ2 Im͕Ϫ⌬ sp * ͑ r ss ϩr pp ͖͒/͉͑r ss ͉
and
These equations show that the measured asymmetry parameters A T , A L can be split into two contributions, the magnetic asymmetry a T (a L ) almost proportional to the magnetization and the polarizing power of the sample p T (p L ) almost independent of the magnetization. The polarizing power strongly depends on the angle of incidence, in particular, close to the Brewster angle near 45°it can reach a maximum close to 1, since ͉r pp ͉ 2 is close to zero. At small incident angles, which is generally the case when using hard x rays, this influence is negligible, and therefore the measured asymmetries are linear in S 1 and S 3 , respectively. For soft x rays the polarizing power of a reflection sample cannot be neglected as Eqs. ͑16͒ and ͑17͒ show, an effect that has not to be taken into account for transmission experiments. Depending on the size of p T (p L ), the measured asymmetry parameters A T (A L ) are not linear in the polarization S 1 (S 3 ). The strongest deviations of A T (S 1 ) from the linear behavior occurs for p T ϭ1. However, the relation A T Ͻ1 is always fulfilled as is obvious from its definition. 31, 40 Furthermore in T-MOKE the asymmetry can also be measured with S 1 ϭ0, i.e., unpolarized light, while in L-MOKE experiments the asymmetry is zero when S 3 ϭ0.
In summary, Eqs. ͑16͒ and ͑17͒ show that the measured asymmetry strongly depends on the interplay between the polarization of the incident light and the polarizing power of the sample. Thus the experimental geometry is essential in the soft x-ray range. Note that the nonlinearity of the asymmetry enters by normalizing the difference signal to the sum of the reflected intensities. In contrast, a linear dependence of the magnetic contribution to the reflectance on the degree of the respective Stokes parameter is observed if the absolute reflectance is measured ͓see Eqs. ͑6͒ and ͑7͔͒.
III. EXPERIMENT
The experiment was performed at BESSY II using the elliptical undulator beamline UE56/1-PGM. 25 The spectral resolution at the Fe-2p edge was E/⌬Eϭ2500 and the polarization was tunable from fully linear (S 1 ϭ1) to circular (S 3 ϭ0.96) with an accuracy and reproducibility better than 2%. 25 The polycrystalline Fe/C multilayer ͑period d ϭ3.11 nm d Fe ϭ2.56 nm, d C ϭ0.55 nm, Pϭ100 periods͒ was magnetron-sputter deposited 41, 42 on a Si wafer and capped with a 2.5-nm-Al layer. The depth profile of the oxidation state of the Fe-top layers was determined by x-ray photo emission spectroscopy ͑XPS͒, using an Al-K-alpha source, after sputtering the sample surface. The data showed a 1.9Ϯ0.1-nm oxidized Al-cap layer. The oxidation degree of the uppermost Fe layer is 25%Ϯ5%. The following Fe layers are less than 2% oxidized. A multilayer was preferred over a simple Fe layer to obtain a sufficient reflectivity even at large angles of incidence. The experiments ͑see Fig. 1͒ were done with the BESSY polarimeter. 43 In situ exchange and removal of samples allowed for quasisimultaneous detection of the incident and the reflected light in order to measure the absolute reflectance. Two magnetic-coil systems supplied variable fields between Ϯ500 Oe in the sample plane parallel ͑L-MOKE͒ or perpendicular ͑T-MOKE͒ to the plane of incidence. The angle of incidence could be tuned from ϭ0°͑grazing incidence͒ to 85°͑near normal incidence͒ while the GaAsP photodiode that is insensitive to the polarization state of light moved by 2 to monitor the reflected beam. Additionally, the detector together with the sample could be moved around the azimuth ␣ which allowed to set s-(␣ϭ0°), p-(␣ϭ90°) or any intermediate geometry.
All measurements were performed with saturated ferromagnetic samples or, where indicated, with demagnetized samples. The latter were achieved by an oscillating coil current with decreasing amplitude.
IV. RESULTS AND DISCUSSION
A. T-MOKE
The reflectance spectra R TϮ of linearly polarized light across the Fe-2p edge are shown in the top panel of Fig. 2 . The reflectance is resonantly enhanced when exciting the spin-orbit split Fe-2p 3/2 and 2p 1/2 states. At these energies strong changes in the reflectance occur upon reversal of the magnetic field. The corresponding asymmetry A T reaches values of up to 40% near the Fe 2p 3/2 edge ͑Fig. 2, middle part͒ which are larger than those observed in absorption experiments.
2,24,25 Near the Fe-2p 3/2 edge the Fe/C multilayer shows strong modulations of the reflectivity. These can be explained by interference effects, i.e., Kiessig fringes of the Bragg reflectivity which are resonantly enhanced close to an absorption edge. In addition the partially oxidized Fe-top layer has to be taken into account which leads to additional spectral structures. 23 The relative influence of the oxidized top-Fe layer depends on the angle of incidence and the photon energy. Taking into account the absorption length of 30 nm at the Fe-2p 3/2 edge the partially oxidized and additional two nonoxidized Fe layers contribute to the reflecting process at ϭ18°. For the discussion of the polarization dependence of magnetic reflectivity in this paper, these modulations are of no direct relevance. We have discussed those in detail in Ref. 40, 42. We systematically recorded such reflectivity and asymmetry spectra for different degrees of linear polarization S 1 . The deduced asymmetry parameters A T were evaluated at several energies and plotted as a function of S 1 in Fig. 2 ͑bottom, symbols͒. The data are fitted according to Eq. ͑16͒ ͑lines͒ with fit parameters a T and p T . As expected from Eq. ͑16͒ we observe a nonvanishing asymmetry at S 1 ϭ0, where the measured asymmetry A T is identical to the magnetic asymmetry a T . This shows that the magnetic response can be obtained even with circularly or nonpolarized light as mentioned above. The explanation of this is the simple fact that circularly or even unpolarized light always contains an electric-field component E, parallel to the plane of incidence, which is relevant for T-MOKE experiments.
The reflectance R TϮ of linearly polarized light as a function of the angle of incidence for one fixed photon energy at the Fe-2p 3/2 edge are plotted in Fig. 3 ͑top͒. As expected, the reflectance decreases with increasing angle of incidence. It is enhanced at the Bragg peaks that appear in first, second, and third order near ϭ16°, 34°, and 57°, respectively. The asymmetry parameter A T ͑Fig. 3, middle͒ is negligible at grazing incidence (р4°), where the penetration depth of the light perpendicular to the sample surface is small, and the reflectance is dominated by the nonmagnetic Al-cap layer. In this region no magnetic information from Fe is obtained. With the angle of incidence, the penetration depth of the light and thus the number of reflecting layers increases. Up to nine Fe layers contribute to the reflection process at ϭ65°, taking into account the absorption length of 30 nm at the Fe-2p 3/2 edge.
The asymmetry reaches up to 70% and shows strong modulations and even a sign reversal. These modulations are explained by the interference effects of optical reflections from a multilayer structure and the movement of standing waves across the interfaces between magnetic Fe and the nonmagnetic C layers. 40, 42 This effect is well known and has been utilized to probe the magnetic depth profile of layered magnetic systems. In particular, the standing wave technique provides insight into the magnetic properties at interfaces as magnetic dead layers or the modification of the magnetism due to intermixing effects. 21, 44 However, such investigations are not the topic of this paper. Here we concentrate on the polarization dependence of the reflectivity experiments, treating the multilayer as an uniform sample, not resolving the individual layers.
Reflectivity spectra as shown in Fig. 3 ͑top͒ were systematically recorded for different degrees of linear polarization S 1 in order to examine the asymmetry parameters A T as a function of S 1 . The results are plotted in Fig. 3 ͑bottom͒ for several angles of incidence together with the fit according to Eq. ͑16͒ ͑lines͒. The magnetic asymmetry a T and the polarizing power p T determined by the fit are shown as open circles in the middle panel of Fig. 3 and bold circles in Fig.  4 , respectively. For S 1 ϭ0, the asymmetry does not vanish, in agreement with the findings presented in Fig. 2 ͑bottom͒. The asymmetry increases linearly with S 1 for small angles of incidence (Ͻ26°) while for larger angles significant deviations from linearity occur. More insight in this functional dependence can be obtained from analyzing the influence of the polarizing power p T on the measured asymmetry. The magnetic asymmetry a T that results from a fit to the data A T (S 1 ) is close to the measured asymmetry A T for small angles of incidence ͑Fig. 3 middle, open circles͒, but with increasing angle, a T significantly deviates from A T . Note that the data a T are multiplied by a factor of three. The difference between a T and A T is fully understood: it results from the term p T S 1 ͓denominator in Eq. ͑16͔͒ which is dominated by the polarizing power p T . It increases with the angle of incidence as shown in Fig. 4 . The experimental data for p T agree well with the calculations ͑Fig. 4, line͒ for the Fe/C multilayer, based on the Fresnel equations. The optical constants used for C and nonmagnetic Fe, neglecting ⌬ pp and ⌬ sp were taken from the Henke table. 45 The maximum of p T and thus the strongest deviation of A T (S 1 ) from linear behavior is expected at the Brewster angle around 45°. In turn, the knowledge of this general curve p T () allows one to deduce a T from the measured A T according to Eq. ͑16͒ for any angle of incidence. The recalculated data a T ͑Fig. 3, center, line͒ agree well with those obtained from the fit. This angle-dependent difference between a T and A T shows that for the quantitative analysis of T-MOKE experiments the knowledge of the polarizing power of the sample under investigation is essential.
B. L-MOKE
The reflectance spectra R LϮ of circularly polarized light across the Fe-2p edge are shown in the top panel of Fig. 5 . Also in this geometry pronounced changes in the reflectance occur upon the reversal of the magnetic field. The corresponding asymmetry A L reaches values of up to 35% near the Fe-2p 3/2 edge ͑Fig. 5, bottom panel͒ which are again larger than those obtained from absorption experiments.
1,2,24, 25 The modulations close to the 2p 3/2 edge are explained in the same manner as those observed for T-MOKE.
The reflectance R LϮ of circularly polarized light as a function of the angle of incidence for fixed photon energy at the Fe-2p 3/2 edge are plotted in Fig. 6 ͑top͒. Similar to the FIG. 3 . Top: the reflectances R Tϩ and R TϪ of linearly polarized light as a function of the angle of incidence for a fixed photon energy at the Fe-2p 3/2 edge. Middle panel, the measured asymmetry A T ͑points͒. Open circles, the magnetic asymmetry a T obtained from a fit of Eq. ͑16͒ to the data shown in the bottom panel. Line, recalculation of a T from the measured A T using the theoretical data for p T taken from Fig. 4 . Note that a T is multiplied by a factor of 3. Bottom, the measured asymmetry A T as a function of the incident linear polarization S 1 for various incident angles. The curves shown were fitted according to Eq. ͑16͒ with p T and a T as fit parameters. Note that the asymmetry A T is nonlinear in the polarization and nonvanishing at S 1 ϭ0. Error bars are smaller than the symbol size.
FIG. 4. The polarizing powers p T and p L obtained from fits with
Eqs. ͑16͒ and ͑17͒ to the data in Figs. 3 and 6 ͑bottom͒, respectively. The curve is calculated from nonmagnetic reflectivity data based on the Henke table, neglecting ⌬ pp and ⌬ sp . The polarizing power reaches its maximum at the Brewster angle at 45°.
T-MOKE experiments ͑Fig. 3͒ the reflectance decreases with increasing angle of incidence showing Bragg peaks in first and second order. The asymmetry shows strong modulations with the angle of incidence, similar to the findings for T-MOKE. In L-MOKE sharp resonances appear additionally in A L at the Bragg angles around 16°and 34°. These features result from the strong magnetization dependence of the refractive part of the optical constants resulting in a change of the Bragg peak position and width depending on the magnetization. This in turn can be exploited to determine the complete set of magneto-optical constants across an absorption edge. 46, 47 The polarization dependence of the asymmetry A L is plotted in Fig. 6 ͑bottom͒ for several angles of incidence ͑sym-bols͒ together with the fit result according to Eq. ͑17͒ ͑lines͒. The magnetic asymmetry a L and the polarizing power p L determined by the fit are shown as open circles in the middle panel of Fig. 6 and in Fig. 4 , respectively. As expected from Eq. ͑17͒ the asymmetry in L-MOKE is zero for S 3 ϭ0 and increases with increasing degree of circular polarization giving A L ϭa L for S 3 ϭ1. For angles Ͻ22°an almost linear dependence is observed while for larger angles deviations from linearity occur. The deviation from linearity is not due to the saturation effects but due to the influence of the polarizing power p L of the sample which enters the denominator of Eq. ͑17͒. As we find from T-MOKE experiments, the polarizing power increases with increasing angle ͑Fig. 4͒ and it agrees with calculations ͑line͒ for the Fe/C multilayer. This influence of p L can lead to larger values of the measured A L for elliptical than for circularly polarized light. For example, the data taken at 30°have a maximum around S 3 ϭ0.75 and decrease towards S 3 ϭ1, an anomaly that was already noted by Kao et al. 16 . A similar dependence of the asymmetry at different angles of incidence was recently found at the 2p edge of Fe and the 3d edge of Gd for Gd/Fe multilayers 48, 49 . In contrast to T-MOKE experiments, the magnetic asymmetry a L ͑open circles͒ as deduced from the fit to the curve A L (S 3 ) is close to the measured asymmetry A L for all angles of incidence ͑Fig. 6, center͒. Only for larger angles they slightly deviate due to the increasing influence of p L . A recalculation of a L ͑line͒, using the theoretical curve p L () ͑Fig. 4͒ again shows the close relationship to the measured asymmetry A L . Thus, for the quantitative analysis of intensity measurements in the L-MOKE geometry the knowledge of the polarizing power of the sample under investigation is less crucial than for the T-MOKE geometry.
V. REFLECTION COEFFICIENTS
A summary of the individual coefficients of the reflection matrix for our Fe/C sample is given in Fig. 7 , determined from the experimental data according to Eqs. ͑8͒-͑13͒. The absolute values of the nonmagnetic parts R s and R p are obtained from measurements of the demagnetized sample with linearly polarized light in s or p geometry, respectively, ͓Fig. 7͑a͔͒. As mentioned in Sec. IV the modulations in R s and R p close to the Fe-2p 3/2 edge can be attributed to interference effects and to partially oxidized Fe.
With the knowledge of R p the absolute value of the magnetic contribution ͉⌬ pp ͉ 2 is obtained as the difference spectrum to the average of the T-MOKE spectra R Tϩ and R TϪ ͓Eq. ͑10͔͒. The result is shown in Fig. 7͑b͒ . The magnetic contribution ͉⌬ sp ͉ 2 is determined as the difference between the spectrum R p and the average of the L-MOKE spectra R Lϩ and R LϪ ͓Eq. ͑11͔͒. The result is shown in Fig. 7͑c͒ . Note that both spectra ͉⌬ pp ͉ 2 and ͉⌬ sp ͉ 2 can be determined with linearly polarized light in p geometry and without the knowledge of R s , because the latter cancels due to averaging of R TϮ and R LϮ , respectively.
The cross terms of the magnetic and nonmagnetic contributions to the reflection matrix are obtained from the T-and L-MOKE difference spectra (R Tϩ ϪR TϪ ) and (R Lϩ ϪR LϪ ), respectively. The data are shown in Figs. 7͑b͒ and 7͑d͒. The difference spectra of the absolute reflectance directly give the magnetic information, while the corresponding asymmetry spectra A T and A L ͑Figs. 2 and 5͒ are influenced by the polarizing power of the sample. The enlarged structures in A T and A L away from the 2p edge arise due to the influence of the normalization with respect to the average reflectance which is close to zero.
In L-MOKE the cross term Im͕Ϫ⌬ sp * (r ss ϩr pp )͖ can be related to the optical constant n Ϯ for circularly polarized light according to Eq. ͑15͒. As expected, we find a close relationship to the magnetic contribution ⌬␦ ͓Fig. 7͑d͔͒. The spectrum ⌬␦ was obtained independently by resonant magnetic Bragg scattering of circularly polarized soft x rays on the same sample. 47 These experimental data are confirmed by a Faraday measurement on an identical, simultaneously grown sample, but measured in transmission. 47 Differences between Im͕Ϫ⌬ sp * (r ss ϩr pp )͖ and ⌬␦ may be explained by the energy dependence of the term containing the refractive angle t ͓see Eq. ͑15͔͒ and by the non-negligible interference effects of the multilayer sample.
VI. CONCLUSION
Resonant magnetic reflectivity experiments of polarized soft x rays across the Fe-2p absorption edge on a ferromagnetic Fe/C multilayer have been performed in the longitudinal ͑L-MOKE͒ and the transversal ͑T-MOKE͒ geometry. The reflectance as a function of the degree of polarization can be described in a framework that is based on the reflection matrix and the Stokes formalism. The T-and L-MOKE asymmetry parameters which were analyzed as a function of the respective Stokes parameters, show a nonlinear dependence for larger angles of incidence. This behavior is well explained within our formalism for any photon energy or angle of incidence. The reason for this nonlinearity is the polarizing power of the reflecting sample which enters through the normalization of the T-or L-MOKE asymmetry spectra. The knowledge of the polarizing power in turn allows for a rescaling of the measured data and thus the determination of the magnetic asymmetry parameter. The absolute values of the nonmagnetic and magnetic terms of the reflection matrix are completely determined from reflectance spectra across the Fe-2p edge. In L-MOKE, the magnetic reflection coefficients can be attributed to the magnetic contributions to the optical constant. To this end a direct determination of both the real and imaginary parts of the optical constants by reflectivity measurements is not possible. For a separate determination of the real and imaginary parts of the reflection coefficients, a measurement of the phase in addition to the intensity is necessary. This requires a polarization analysis of the reflected light. Spectral dependence of the various individual coefficients of the reflectance matrix ͓see Eqs. ͑2͒ and ͑3͔͒ as determined from the experimental data using Eqs. ͑8͒-͑13͒. ͑a͒ The nonmagnetic reflectance coefficients R s and R p ͓Eqs. ͑8͒ and ͑9͔͒. ͑b͒ The magnetic coefficients for a transversal field ͓Eqs. ͑10͒ and ͑12͔͒. ͑c͒ The absolute value of the magnetic coefficient for a longitudinal field ͓Eq. ͑11͔͒. ͑d͒ The magnetic coefficients for a longitudinal field ͓Eq. ͑13͔͒. The magnetic contribution ⌬␦ of the optical constant n Ϯ was obtained independently from Bragg scattering and, additionally, from Faraday measurements on an identical sample. 47 In accordance with Eq. ͑15͒ the latter curve was scaled by a factor of 0.15.
